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1. INTRODUCTION

Department of Energy (DOE) DOE/OR-901" requires that a safety review be performed
and safety documentation be prepared for all DOE activities where DOE has assumed
responsibility for safety. It has been recognized that existing safety documentation at the
Martin Marietta Energy Systems, Inc. facilities does not meet current DOE guidance
implementing DOE/OR-901. To address this concern, Energy Systems has developed a
formal program for the systematic review and update of the existing Safety Analysis Report
(SAR) at the Oak Ridge K-25 Site.2 The SAR Update Program consists of the following four
phases:

e Phase0 - Continued Operation Evaluations,

e Phasel - Hazard Classification and Qualitative Analysis,
e PhaseII - Quantitative Accident Analysis, and

e Phase Il - Complete DOE-Approved SARSs.

As part of the Phase I effort, Energy Systems has performed a hazard screening (HS)
and qualitative analysis for selected facilities. This task is performed using input from the
Facility Safety Evaluation Teams (FSET) in the form of the Preliminary Hazard Screening
(PHS) Work Sheets. The facilities that potentially could pose significant safety hazards may
be quantitatively, as well as qualitatively, analyzed to determine the extent and severity of the
hazard.>”’

This report documents the hazards associated with the portion of Building K-1037 which
has been assigned to Site Facility Operations including K-1037-C, Smelter House (Fig. 1.1).
The production equipment was shut down and placed in standby in 1987. Building K-1037
is a multi-use facility that currently houses Atomic Vapor Laser Isotope Separation (AVLIS),
and offices for Toxic Substances Control Act (TSCA), Pond Waste Management, Central
Waste Management, Data Systems Research & Development, and Integrated Data Base
personnel. The office wing is on the east end of the building. The Site Facility Operations
and AVLIS Divisions are responsible for this facility.

The following activities are in progress or scheduled in the part of the K-1037 Building
assigned to Site Facility Operations to further reduce potential hazards:®

e- repair of Building K-1037 Barrier Process Plant’s roof to prevent dispersion of toxic
and radioactive contaminants by roof leaks;

e maintenance of fire protection system support; and

e- conduct of the asbestos abatement program.




HS/K-1037/PK/48.0/R0

41’//

Y
A1
’! A4

V@’. )

PORTAL

N
;I‘Q‘tt‘\
NN
Xy
TR
g
=
b
&
b S
. [—)
1 - v
e A »
‘ R &
=i Tycre: _g
i AN S =k 3
- S R e o N L] e
1 \.\“\\Q:;- Wt om s .‘TN-“Q‘ ~-- ﬁ‘. Siee :
> Sl IR .
RN \Q\\\ ed
| "\:: N ‘ ~~\\\\\\ > =
] - N S e ‘“‘i\\‘\\ QY \\\
| ANAMMMMzZDTHnSu RSt al
| Al B R
g - N %,
DRy e 4 NN P~
N WY T ..\\\&\:, Q
® SR e
TR TR
\\\\\;\\\\'- RN ‘ ty ARSI T ‘;\~ R
RN T N
A

e N

ENNY R v s won vte e @ N
. N 2N W
Y }\\J =\7:"

* N, < N
R 2
Nk \‘\S;\Q\G\x\ < N
NP

A N
OISR NaN
STUANSIRN
O RN AR

AR

AN



Revisioa No.: 0
HS/K-1037/PK/48.0/RO

2. SUMMARY

2.1 EVALUATION

The hazards evaluated in Site Facility Operations portion of Building K-1037 are
categorized as follows:

e Special Nuclear Material

e Radiation Sources
- surface contamination

e Toxic/Corrosive/Reactive Materials
- nickel powder

e Electrical Energy
- 13.8 kV transformers

In addition, the following hazards were identified in Building K-1037 but were screened
out in the PHS, as approved by Plant Safety Evaluation Team:

e Explosives
- natural gas lines purged on deactivated systems

It shouid be noted that a preliminary hazard assessment has been completed for the
AVLIS Program and is, therefore, outside the scope of this assessment.

22 CONCLUSION

This report systematicaily evaluates the Building K-1037 hazards above. Based on the
consequences associated with the dispersion of toxic nickel powder, the recommended hazard
classification for this section of Building K-1037, including K-1037-C, is "Generally
Accepted*®."
23 RECOMMENDATION

No further safety analysis is required for Building K-1037.
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3. FACILITY DESCRIPTION

The K-1037 facility is a multi-use facility involving several divisions that currently houses
offices, process areas, mock-up areas, and storage areas for equipment and materials from
previous K-1037 programs. Site Facility Operations has been assigned the surveillance and
maintenance responsibility for the major (approximately 60 percent) portion of the facility.

Building K-1037 is a steel-framed structure with reinforced concrete floors covering
approximately 308,800 ft> The building complex is comprised of a series of buildings and
additions that were constructed at separate times during the past 45 years and joined together
under one roof. The original structure was a warehouse. The north bay is 65 ft wide, and
the south bay is 55 ft wide. Each bay has a 15-ton bridge crane. The building is
approximately 820 ft x 400 ft.

Transite siding covers the three outside walls of the eastern half of the building. Three
outer walls of the western half of the structure are covered with metal siding. The building
has three types of roof: a transite roof partially covered with aluminum; a sloped, metal roof;
and a shallow, sloped, tar and chip roof. These three sections of roof coincide with the
original building erected in 1945 and the two expansions that occurred in 1950 and about
1970. The roof has deteriorated since the plant was shut down and is currently being
replaced.

The K-1037 building fire protection system consist of a wet pipe, fuse-link head,
automatic sprinkler system. The sprinkler heads are spaced approximately 10 ft apart under
the roof of the high-bay area and under the main operating platform. The links are designed
to melt at 165°F. Activation of a pull box or the opening of a sprinkler head triggers audio-
visual alarms locally and at Fire Department headquarters.

' 3.1 FACILITY LOCATION

The K-1037 building is located in the eastern part of the K-25 Site between the K-1435
TSCA Incinerator and the K-1501 Steam Plant (Fig. 3.1.) Building K-1037 is approximately
275 m from Blair Road at the nearest point, which would be the closest public access. The
elevation of K-1037 is 788 ft above sea level. _ :

32 FACILITY LAYOUT

The AVLIS Program is presently utilizing 40 percent of the building, predominantly in
the north and northeast portion of the facility. Operation of K-1037, assigned to Site Facility
Operations, is located in the central portion of the building and the remaining groups are to
the south.

Adjacent to the west end of the facility is a single-story wing which includes the break
area, offices, and storage areas. The wing has a partial basement that houses two indoor
electrical substations, air compressors, and furnace transformers.
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33 PRINCIPAL PROCESSES

Building K-1037 was the sole manufacturer of process barrier in the country. Equipment
was provided to produce barrier in muitiple parallel production lines for installation in the
three gaseous diffusion enrichment plants. The process description is not discussed in this
document because of security classification, but can be found in K/GH-500, Part 1, CIP/CUP
Technology.’

The production equipment was shut down and placed in standby upon completion of the
Process Equipment Modification Program in 1981. Most of the barrier production equipment
remains as it was during operation. The ventilation ducting has been isolated and sealed and
partitioning has been provided to confine the toxic nickel powder to the standby production
area, which is monitored by Site Facility Operations. Those areas occupied by AVLIS, Waste
Management, and other personnel are isolated from the hazards discussed in this HS Analysis.

33.1 Scrap Smelter

K-1037-C is constructed of corrugated transite on steel frame with a concrete floor. The
building is approximately 5000 ft2 and is an addition to the east end of K-1037. The building
housed a smelter which was provided to smelt "off-spec” scrap nickel barrier and produce
ingots for recycle. The smelter area has been designated as a radiological/contamination area
with restricted personnel access. It is also a security area.

The smelter "off gas" was discharged through large scrubber type vessels located on the
east end of the second floor of the barrier production area. These vessels have internal
radicactive contamination levels of greater than 100,000 dpm/100 cm”.

A nondestructive assay (NDA) survey of these vessels indicates an inventory of
approximately 2 g uranium of natural or depleted Z*U content with 0.1 mg of neptunium
present.’ This equipment contamination is posted and controlled by the K-25 Site Health
Physics program to restrict personnei access. The hazard is judged to be adequately
controlled and no further hazard analysis is required.

3.3.2 Barrier Production Area

The main barrier production area of K-1037 comprises approximately 60 percent of the
building or 185,000 ft2. Barrier production invoived the continuous handling of tonnage
quantities of nickel powder. This fine powder was widely dispersed throughout the
production area. Sections of the building, which could be cieaned of the powder and isolated
by sealed partitions and isolation of the central heating, ventilating and air conditioning
system, are not occupied by personnel from the Energy Systems divisions as described eariier.
Hazardous material was cleaned from process equipment after production was discontinued.

" As described in K/P-6751, Procedures for the Shutdown, Standby, and Restart of Barrier
Manufacturing Facility I, K-1 037,11 the process chemical storage tanks were also cleaned of
their inventory and steam purged. Personnel access to this area is restricted because of
security concerns.
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333 Bascment

The K-1037 first floor production area is provided with a basement service area which
is approximately 100,000 ft2. The elevation of this floor is 768 ft above sea level. Services
provided in the basement include electrical substations and transformers and the steam supply
and pressure reducing station and steam condensate system.

Many of the barrier production facility process controi consoles are located in this area
under the processing equipment on the first floor. The basement area under the section
occupied by AVLIS is sealed from the remaining basement area to prevent dispersion of the
nickel powder hazards present in the basement. '

34 HAZARD SOURCE INFORMATION

The hazards associated with the Site Facility Operations portion of Building K-1037 are
identified in the PHS Work Sheets (Appendix A). This document was generated by the
FSET based on an extensive walkdown of the facility, discussions with facility personnel, and
a discussion with the facility manager regarding status of the shutdown systems.
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4. HAZARD SCREENING

This section includes HS Work Sheets for this facility.
These four work sheets (Fig. 4.1 through Fig. 4.4) present the results of the HS process:
e Preliminary Hazard Identification Matrix
e Preliminary Hazard Analysis Work Sheet
e Hazard and Operability Study (HAZOP) Work Sheet
e Hazard Classification Input Form
4.1 HAZARD IDENTIFICATION
4.1.1 Preliminary Hazard Identification Matrix

In the first of these work sheets, the Preliminary Hazard Identification Matrix (Fig. 4.1),
each system discussed in the facility description is identified. If any of the ten hazards listed
in the matrix exists for a particular system, the specific hazard is listed and specific
information about the hazard is provided in the remarks column.

Three of the ten hazard categories listed in the Preliminary Hazard Identification Matrix
are identified as being present in the K-1037 buiiding. These hazards include Radiation
Sources, Toxic/Corrosive/Reactive Material, and Electrical Energy. Those hazards categorized
as Special Nuclear Material, Flammable Materials, Explosive/Pyrophoric Materials, Thermal
Energy, Kinetic Energy, and Potential Energy are not present in this facility.

4.1.1.1 Special Nuclear Material

An inadvertent criticality is considered to be the most significant potential source for
radiation exposures in any of the K-25 Site facilities. The probability of such an event is low,
but the consequences could be severe.

BSY enrichments greater than 1 percent constitute fissile materials. Since the
radioactive contamination in the barrier smelter area has been determined by NDA survey
to be less than 1 percent 25U, the Special Nuclear Material hazard does not exist in this
facility.
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4.1.1.2 Radiation Sources

Uranium is an alpha radiation emitter. Uranium alpha radiation cannot penetrate the
dead outer layer of the skin. Thus, uranium itself cannot cause any radiation exposure as long
as it is outside the body and poses an exposure potential only if it enters the body by some
means. The possible inhaiation of uranium dust is the most significant source for such intake.
The ingestion of uranium-that is, intake by swallowing uranium materials-is far less significant,
largely because it is readily controlled by normal good personal hygiene practices, such as
washing hands before heating or smoking.

B8YJ decays to daughter products that emit beta and minute amounts of gamma radiation
and which themselves decay to Z*U. The beta and gamma radiations can penetrate the skin
and can produce radiation exposure, primarily to the body tissues immediately beneath the
skin. The levels of radiation exposure from the daughter products associated with uranium
surface contamination is generally very low.

During the plant’s operating history, many tons of uranium recovered from spent reactor
fuels were fed to the cascade. Most of the fission products and transuranic elements
(neptunium and plutonium) were removed from the uranium in chemical recovery operations
and conversion of the uranium to UF before delivery to the K-25 Site. Traces of these
elements did carry through the processes, however, and were introduced into the diffusion
cascade. Traces of plutonium and neptunium were introduced into the cascade where they
contaminated the barrier. Some of the contaminated barrier was later smeited. Neptunium
and plutonium are both alpha radiation emitters, and the same protective measures used to
prevent exposure of personnel to uranium will also prevent exposure to those isotopes. It
is anticipated that they will have no effect on the final risk assessments; however, their
presence is noted.

4.1.13 Toxic Materials

Heaith effects from the chemical toxicity of soluble uranium and technetium compounds,
such as the fluoride or oxyfluoride residues found in this facility, are greater than radiotoxicity
effects. Renal injury may result from acute exposure to inhaled or ingested soluble material.
The insoluble uranium compounds are not present in significant quantities in this facility.

Toxic nickel powder is dispersed through the barrier production areas and basement.
Other toxic process chemicals used in the barrier production activity were cleaned from the
equipment and the process systems were purged with steam to ensure an acceptable hazard
level (refer to Reference 11).

412 Preliminary Hazard Analysis Work Sheet

In the second work sheet, the Preliminary Hazard Analysis Work Sheet (Fig. 4.2), each
system of the facility is listed, and the hazard types identified in the Hazard Identification
Matrix are listed. The Consequence and Initiating Event columns are left blank in this work
sheet and compieted on the HAZOP Work Sheet. The sixth column is used to label the
hazard as a standard industrial hazard or a nonstandard industrial hazard, and the justification
for this judgment is presented in the seventh column.

10
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The barrier production facility "nonwork" surface contamination area is less than 790,000
ft2 at 10,000 dpm/100 cm? with contaminated areas controlled as required by DOE Order
5480.11.12 Therefore, as shown in Appendices B and C, the toxic, radiological, and criticality
effects are evaluated as a "Generally Accepted” hazard and further evaluation of this
removable contamination is not warranted, except for K-1037-C, Smelter, which had higher
contamination levels. '

Appendix C analyzes a case for removable surface contamination which bounds
K-1037-C. Appendix C shows that for a building whose surface area is 100 percent
contaminated with transferrable contamination at 10,000 dpm/100 cm?, the heaith effects to
an individual located outside within 100 m can be considered negligible if the longest side of
the building is less than 313 m, reversible if it is between 313 m and 601 m, and irreversible
if it is greater than 601 m. The health effects to an individual inside the facility would also
be negligible if the individual exited the building in less than 313 s, reversible if the egress
time is between 313 s and 601 s, and irreversible if the time is greater than 601 s. Generally,
it is assumed that a person’s walking speed is 1.0 m/s or 1.5 ms.

This case approximates K-1037-C. Contamination exists on less than 100 percent of the
surface area, 100,000 dpm/100 cm?® is the maximum contamination level found in the facility,
and K-1037-C’s longest side is only about 40 m. Also the actual ceiling heights
(approximately 20 ft) are higher than the 10 ft height in the bounding case, which wouid
reduce concentrations.

The facility auxiliary transformer is supplied from a 13.8 kV feeder. As defined in
CSET-2, the 13.8 kV electrical distribution system hazards are "Generally Accepted” or are
Standard Industrial Hazards because they are adequately addressed by Occupational Safety
and Health Administration regulations and one or more National Consensus Standards (e.g.,
NFPA 70, IEEE, etc.) that define special safety requirements. These regulations and
standards are implemented by K-25 Site procedures. Access to live parts is physically or
administratively restricted to qualified and trained personnel.

The remaining hazard category, Toxic/Corrosive/Reactive Materials, was subjected to
further analysis by complieting a HAZOP work sheet and identifying a worst-case scenario
leading to severe consequences. :

42 INITIATING EVENT IDENTIFICATION AND SELECTION
42.1 HAZOP Work Sheet

The HAZOP Work Sheet (Fig. 4.3) presented in this seiection summarize the results
of the modified HAZOP review of Building K-1037.

12
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Each hazard entry in the Preliminary Hazard Analysis Work Sheet is addressed in the
HAZOP Work Sheets, which contain four columns: Deviation, Consequences, Initiating
Event, and Protection. The Deviation column lists the deviations from normal conditions
which lead to consequences associated with a particular hazard. The Consequences column
identifies the worst-case scenario resulting from a particular deviation. The Initiating Event
column lists some of the potential events that can result in the deviation of interest. The
Protection column presents both active and passive equipment features and operating
procedures designed to reduce the likelihood of one or more initiating events producing the

given consequences or reducing the severity of the given consequences.
422 National Phenomena Evaluation Team Input
4221 Seismic

Although a seismic analysis was not performed for this facility, it is similar to other K-25
Site buildings which meet the "General Use" criteria (the lowest level of seismic resistance)."

4222 Flood

The ground floor of K-1037is 8 ft above the probable maximum flood (PMF) evaluation
of 780 ft above sea level. The elevation of the basement floor is 12 ft below the PMF
clevation.!* Flooding is not considered a credible initiating event for a potentiai hazard in
this facility.
43 SCENARIO DEVELOPMENT
4.3.1 Hazard Classification Input Form

A Hazard Classification Input Form (Fig. 4.4) was completed for each hazard type
addressed by the HAZOP Work Sheet and represents the accident scenario that involves the
most significant consequence for that hazard type. '

Further evaluation of the following hazard and scenarios is recommended to determine
if additional safety documentation is required:

e- Toxic Materiais - Dispersion of toxic nickel powder to the atmosphere.
4.4 CONSEQUENCE DETERMINATION

Based on the scenarios presented on the hazard classification input forms, consequences
were estimated for the release of nickel powder.

15
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4.4.1 Release of Nickel Powder

For the close-in estimate (i.e., individuals located inside the facility and individuals
located outside the facility within 100 m), the greatest time-weighted average concentration
(1.22 mg/m®) and cancer risk (5.74 X 10%) were found for an exposure time of 250 s
(Appendix D). This is the maximum amount of time that the individual outside the facility
wouid be exposed, and much longer than the individual inside the facility is likely to be
exposed. The time-weighted average concentration is well below one-tenth the immediately
dangerous to life and heaith (IDLH) value (50 times threshold limit value [TLV] of 1.0
mg/m®) and the cancer risk is weil below 0.008. Therefore, in accordance with CSET-2, the
on-site health effects are found to be negligible.

For the off-site individual, the greatest effects occurred at@ m from the facility. The
time-weighted average concentration of 14 mg s/m® is well below one-tenth the IDLH value
(50 times TLV of 1.0 mg/m®) and the cancer risk of 22 x 10% Js well below 0.008. The
seeming discrepancy between the time-weighted average concentrations ‘and cancer risks
determined for the individuals located at 100 m for the close-in estimate and the off-site
estimate is due to air dispersion being considered for off-site and not considered for ciose-in.
In accordance with CSET-2, the heaith effects for off-site exposure are considered negligible.

4.5 INITIAL HAZARD CLASSIFICATION
Based on the consequences associated with the release of nickel powder to the

atmosphere, the recommended hazard classification for Building K-1037, including K-1037-C,
is "Generally Accepted™”," as shown in Table 4.1. :

Table 4.1. Hazard classification summary

Facility Credible
Accident scenario Hazard hazard scenario
classification
Dispersion of nickel powder  Toxic material Negligible Yes

to the atmosphere
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5. SAFETY DOCUMENTATION REQUIREMENTS
5.1 ADDITIONAL SAFETY DOCUMENTATION REQUIRED

No further safety analysis is required for the Barrier Plant area of Building K-1037
assigned to Site Facility Operations. It is assumed that the remaining areas are described in
documents prepared for AVLIS.

5.2 ANALYSIS ASSUMPTIONS AND OPERATING LIMITS

This Phase I HS assumes that the part of K-1037 Barrier Plant assigned to Site Facility
Operations will be maintained in its existing shutdown status. It is assumed that the current
level of surveillance, monitoring, and facility maintenance activity will continue to be directed
by the Site Facility Operations organization management until Decontamination and
Decommissioning Division of the K-25 Site is initiated.

Specific safety analysis documentation will be developed and approved for activities
which deviate from those detailed in this document.

19
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| 6. MATERIAISANDHAZARDSTHATCOULDAFFECI'OTHERFACIIm

There are no material or hazards in the portion of the building assigned to Site Facility
Operations that couid affect other facilities adjacent to the K-1037 building.
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internal Correspondence

MARTIN MARIETTA ENERGY SYSTEMS. IK

October 28, 1991

R. L. Fauikner, Division Manager - Decontamination and Decommissioning
J. R. Jamison, Division Manager - AVLIS

Approved Preliminary Hazard Screening (PHS) Document for K-1037

The K-25 Safety Analysis Review Group has reviewed and approved the PHS for your facility.
Copies are attached for information and use by your office and your facility manager. The
originai wiil be maintained by the K-25 Site Installation Facility Safety Manager (IFSM).

The PHS identified one or more hazards requiring additionai analysis. the next step in the Safety
Anaiysis Report Update Program (SARUP). Therefore, a copy wiil also be provided to the -
Hazard Anaiysis Project Engineer for use in assisting your Facility Safety Evaluation Team
(FSET) and/or Facility Manager in compieting the Hazard Analysis.

Any proposed changes to the facility, operations or systems must now be evaluated and
documented using the PHS criteria. Any original documented reevaiuation mus: be seat to the

IFSM for review and approvai.

- The PHS is your "interim license” pending compietion of the Hazard Analysis. Conformance of
your facility to the criteria is subject to review by the Facility Safety Department. DOE Order
5480.5 requires an annuai appraisal of each facility to assess aspects of facility operation inciuding
conformance to safety documentation (DOE 5480.5-9.¢,h). Guidance on such appraisais will be
issued by the Heaith, Safety and Environmentai Management (HS&EM) Division.

Shouid you have any questions about the PHS or tcmax'hing steps in the program. contact the
IFSM, CIliff Watson at 6-7860. ,

l

/

C. C. Watson, K-1020. MS-7403, K-25 (6-7860)

CCW:mr

Attachment

cc wratt: John Bolling (Emergency Preparedness Department Manager)
K-25 System Safety Engineering - RC
File - IFSM (2)

A-2
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A/" /097 Roomts): AAL
A/A’ Year Buiit: /VA

Facility Locauon:

Division:

3’5& A4 77‘&///5(/ 7’”5

Facility/Description: (circle or shade on map)
W/ 7 2. 7
— ./ e »
By = =037, %

Facilitv Manager: /U A

V4= Mz‘&mf ?/%(/ 027 tisagl

Waste Storage Locations: Descniption of Stored Matenatl:

!
1

/' " 2 /
P BT /22 Lo
’ Date

KSARG Review

Division ManagerrRep. Date

Pl - o B 9777 fe
PSET Approvai ’ /  Date

A3



MO

(a zsoto(va7)
2v7Ls T

ra <id

Gz

40
oy kd

powtov) sifL SHA

esre-ys-a/}

\tmé\“ov\h _ Q\x

_LYoddae _LNVFWESTEEY
siinly FAVS WL =V VLY
da5- VOIS HUZIN YO D i
. Leadoyd
cIrmy
LG oI}

£ 23 .
A /=M A0 pvel VT INY YO

A4




- . Data: March 1592
Revisioa No.: ¢
HS/K-1037/PK/4S.0/R0

Preliminary Hazard Screening Nos

PRELIMINARY HAZARD SCREENING WORKSHEET

Facilitv Locadion: East side of the K-25 Site in Sector 1, Roomus): K-1037 (excindes AVLIS!

South of K-1420, West otthe K-1435 faciiities

Facility Manager: ,é/< Division: D & D Year Built: 1954
R L er 14-9188)

Facility/Description: tcircie or shade on map)

See Attachment 1

Waste Storage Locations:

S : See Attachment 1

See Attachment 1
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PG e Pl ity M s e
“ Date 3

Division ManagerrRep. :@AﬂG Review
/«///é, - “m #/< . B, 1-2/4:71 QI
PSET Approvai ! ¢  DBate Faciiity Safety Engineer Date
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System Safety Engineer e 4 Date-. System Safety Engineer Date
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ATTACHMENT 1

SCOPE: The K-1037 building is a muiti-use facility that currently
houses offices, process areas, mock-up areas, and storage of
equipment and materials from previous K-1037 programs. The
AVLIS program is currently using approximately 40% of the building,
predominantly in the north to northeast section of the facility. A
preiiminary hazard assessment for the AVLIS program has been
completed and is available separate from this document, and as such,
is outside the scope of this assessment.

¥

FACILITY/DESCRIPTION: A description of the K-1037 building
from an approved K-25 safety document is attached. Also see the
‘plan view drawing of the facility, SIE 54512. AVAIS Lab.
Modifications, AIS-Barrier Separation Plans and Sections. also

attached.

FACILITY LOCATION: The K-1037 Industrial Research Building.is
located in Sector 1, just south of the K-1420 Decontamination Facility,

and west of the K-1435 facilities.

Waste Storage Location: There are no waste storage areas
associated with the K-1037 facilities . described. by this document.—
However there is a significant- amount of stored equipment and other—
materials associated with this facility.

Description of Stored Material: There is a significant amount of
stored equipment and materials located throughout K-1037. The
majority of the equipment has been left in place. All power
connections appeared disconnected.  All tanks appeared empty.
Some equipment has been reiocated and stored in some parts of the
building in a fairly tight packed arrangement. Some open pails of
metal powder were observed during the walk-through. An
uniabeled 55 gallon drum of liquid was also observed among some
stored equipment. The majority of all of the process related
equipment can be considered as either idle and/or abandoned in

place.

-6
Facility/Description: K-1037 A
Barrier Facility 20f2 8/13/91
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K-25 SITE SURFACE CONTAMINATION
POSITION PAPER

Statement of Probiem

Surface contamination above the screening levels in CSET-2 (Reference 1) is a common
hazard at the K-25 Site. These are not considered a Standard Industriai Hazard and must go through
1 formai Hazard Screening Analysis. However. contaminated surfaces are identified. characterized.
and controtled by the K-25 Site procedures and maintained at ALARA leveis. as required by DOE
Order 5480.11, such that the consequences from potential exposures from "nonwork” surfaces are
cxpected to pose no appreciable heaith consegquences. "Nonwork" surfaces are defined as: \

externai surfaces of process enclosures (cell
handrails. windows. electrical utilities. HVAC

Also. for the purpose of this evaluation,
chairs, desks. tables. stools. -

and appliances.

Floors, walls, ccilings, walkways,
housings, hot cells. glove boxes. etc.),
components. and plumbing fixtures.
nonwork surfaces include furniture surfaces such as
countertops, lockers. benches. cabinets. vending machines.

(Reference 3)

ck” surfaces for Hazard Screening is

cilities that clearly pose a negligible
hen in compliance with
y well be determined

A conservative evajuation of contaminated "nonwol

provided. This evaiuation is intended to climinate those fa

hazard to persons on-site and off-site due to uranium contamination. W
DOE Order 5480.11. Facilities determined to require further analysis ma

to pose no significant hazard once a specific analysis is compieted.

Backgmuna

As a result of processes invoiving radioactive materiais, surface contamination is present
in-many- areas of the K-25 Site. Radiation protection for workers is reguiated by-DOE
Order 5480.11 (Reference 2)and ORO Radioactive Contamination Control Policy (Reference 3).
Energy Systems Standard Practice Procedures 804 and 808 (References 4 and 5) and the K-25
Site interim Heaith Physics Guide INT-0010 (Reference 6) define survey, control and reporting
criteria which impiement the requirements of the DOE Order and ORO Policy. Energy Systems
Standard Practice Procedure 609 (Reference 7) impiements an ALARA program which ensures
\hat contamination levels are minimized with respect to the potential exposurc of occupationai

workers.

Contamination may be fixed or removable. Fixed contamination is impregnated within
\he material and cannot be removed by ordinary means. such as wiping or washing. Thus. it is
not considered a significant hazard to the public or general empioyee. Exposure of occupationat
workers to fixed contamination is limited to levels established by DOE Order 5480.11.

(Reference 8).

nt exposure to occupational workers
In order to maintain exposure
However. because of the
ado. explosion. etc.) or
r a worst case

Removable contamination represents a more significa
since it mav become airborne by mechanical impact or air currents.
ALARA. every effort is made to minimize removable contamination.
potentiai for airborne reiease due to a catastrophic event (e.g., fire, torn
criticalitv, removable "nonwork” surface contamination shail be evaiuated fo

scenario.
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Evaiuation

There are three concerns associated with surrace contamination as descrioed herein. The
atmospheric refease of radiation which might atfect persons otf-site is the tirst concern to be
addressed. Second. the potenuai for a nuciear criticality as a resuit of the coilection of removabie
surface contamination washed from surfaces is coasidered. Finaily. the potentiai effects of an
atmospaeric reiease to persons on-site are evaivated. In actuality, the chemicai toxicity of
uranium is such that chemical toxicity is the controiling factor in setting the exposure iimits to
airborne uranium. Thus. the evatuations for the effects of airborne uranium presented herein wiil
consider limits resuiting trom the chemical toxicity as the bounding condition.

While heaith effects due to radiation are generaily characterized as a function of the dose
received per mass unit. cxpressed in rems. the typicai measure of contamination avaiiable from
heaith physics surveys is given in disintegrations per minute {dpm) per 100 cm- of surface area.
Thus. the caicuiations herein arc presented in terms of the contamination measures.

OfI-Site Radiologicai/Chcmicai

The United States Nucicar Reguiatory Commussion (NRC) requires. per 10 CFR 70.22,
an emergency pian or an evaiuation showing that the maximum dose to a person otf-site due to
a release of radioactive materiai wouid not exceed | rem etfective dose equivaient or an intaks
of 2 mg of sotuble uranium. Uranium and piutonium are addressed in 10 CFR 40.31 and 10 CFR
70.22. The limit for ptutonium is 2 curies. The limit for uranium. because of its acute chemicai

toxicity. is 1000 kilograms of uranium hexafluoride. This corresponds to a levet of radioactivity
from .3 curies to 50 curies. depending on enrichment (i.c.. {rom 0.2% to 97.5%). Theretore, if
the quantity of removable contamination does not exceed the {imiting vatue of .3 curies. (676 kg

uranium) the radiologicai dose to persons off-site shouid not exceed 1 rem and heaith cffects due
to uranium toxicity shouid be negiigible.

To deveiop a measure of the reiationship of the ievei contamination with the surfacc ares
contaminated. consider-a removable-surface: contamination . levei of 710,000 dpm/100 e
Discussions with Heaith Physics personnet indicates that this levei is uniikely to be found at the
K-25 Site. except in smail isolated areas as indicated by survey data (Reference 11). The surface
ares required to exceed the most limiting vaiue wouid be:

4 o (03 CD@2 x 10 domyCh

(10.000 d;.:m 930 cm®
100 ¢m- e

= 7,000,000 fr*

The limiting vaiues in 10 CFR 30.72 are based on calculations described in NUREG-1140
(Reference 10). The resuiting radiologicai/toxic effects are caicuiated for an off-site receptor at

100 m.
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Nuciear Crticaiity

The potential for nuciear criticality is addressed by conservatively considering ail of the
removable surface contamination to be deposited into a single location due to some
initiating event (e.g., sprinkler activation or roof failure during a rainstorm). The total mass of
35(J can be determined from

mass of U-235 (gm) = [Q‘%@Q)
A

where

Q

(9]
>
([T ||

radioactivity, Ci
(0.4 + 0.38E + 0.0034E?) 107, Ci/gm of uranium (Reference 1)
grams of 2*U/g ot uranium (%)

The mass limit per DOE Order 5480.5 ( Reference 9) at which a criticality alarm system
is required is 700 gm. Thus. criticality is assumed not credible for a total radioacuvity level less

than
700 S,
- | E7100
0 = 007 (.4 +38E + (034E°
' £
For a removable surface contamination levei of 10,000 dpm/100 cm=, the corresponding
area is

Q(2.2 x 10" dpm/Ci)

A=
[10.000 dpm ’ [930 cm®

100 cm- fe

[ —)

A = 23.656.000 Q

0.4 + 0.38E + 0.0034E*
E

A = 1.656.000 [

At the K-25 Site. the enrichment commoniy ranges from 0.2% to 5% “*U. For 5% By,
criticality is not credible when the contaminated surtace area does not exceed

A = 790,000 fr*
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On-Site Radiologicai/Chemicai
Occupationai worker exposure (o radiation is considered to be adgquaneiy controiled by
the application of guidelines rcquired by DOE 5480.11. This evaiuation wiil consider the

potenuai effects of air-borne dispersion of widespread. but reiatively low-ievel. surface
contamination within a facility and the etfects of reieases resuiting from events causing airborne

dispersion of contamination to iocations outside of the buiiding.

To assess the etfects within a building, it wiil be assumed that ail of the removabie surtace
contamination in a facilitv is instantaneousiy made airporne and spread uniformty through the
voiume of the buiiding. Because the distribution of empioyees in the buiiding is not generaily
available. the exposure time wiil be caiculated as the time to exit from the center of the buiiding
unless it is determined that points within the building iie at a pomnt more distant. In that event.
the greater distance wiil be used to caiculate exposure time. Both radioiogicai effects and
chemicai toxicity etfects wiil be considered. but chemical toxicity wiil be limiting as long as
uramum is the oniy contaminant materta of concern. Unlike the otf-site and criticalitv eifects.

there wiil be a lower iimit on the surface area denived from this evatuation. and thus, the
5480.11 imposed limits

potentiai hazard requircs individuai evatuation. The derived vaiue and the
If the restrictions on

must be considered to determine whether turther anaiysis is required.
imposed by 5480.11 compiiance wouid preciude occupancy at any levei of

buiiding occupancy
surtace contamination determined to present a hazard. then there is no need to consider this

cvent.

For on-site exposurc outside of the tacility, the exposure 1s caiculated for a cloud of the

removable contaminant generatcd as a puff dispersing from the sourcc in the event of a
catastrophic failure such as a building cotlapse. If a significant portion of the tixed contamination
is in combustible materiais then the potential exists for rciease of the f{ixed plus removable
i contamination in the event of a fire.  The nature of a fire tends to cause most of the combustion
) " products and the contaminants to rise with the smoke plume and then be distributed as an
cievated reiease. Thus. the case for the drifting cloud will be the.bounding resuit for facilities-

persons within the 100 m range of consideration.

This approach is considered to be conservative because it is extremely uniikely that all
removabie surface contamination couid be made sirborne. Also, the exposure time considered.
for exit would be fess for points near the wail but that vicinity is likely to have higher
concentrations than the average, so that the totai inhalation potenual is no greater than that for
the average. This is considered to be bounding for a tire because the nature ot a fire would
cause the contamination to become airborne over a substanuai period of time. Building
ed to make an orderly evacuation of the facility and not remain for an

Fire fighters are provided with appropriatc protective

occupants are expect
d to resuit from tire

extended period of time in a firc cvent.
gear and {ramning in its use so that undue internai exposure is not expecte

fighting efforts in the facility.

A simpie evaiuation is rccommended for the evaluation of close-in receptors outside of

the building. For this moael. the area within 100 m ot the tacility shouid be considered t0 have
\he same concentration as that determined within the facility. The potentiai effects on persons
Jocated within that range are considered ta be bounded by the dose received bv an individuai who
remains stationary as the cioud passes at the rate of | m/s. representing F class stability. but




For the purposes of determining the exposure time.

assuming no mixing or dilution in this range.
hape as the originai buiiding in a direction

the cioud shall be assumed to travei in the same s
perpendicular to the building face having the smailer cross section.

Conciusions

For removable "nonwork" surtace contamination. if the contaminated surface area is less than
ial for criticalitv. For facilities with

790,000 ft? and 10.000 dpm/100 cm”. then there is no potenti

a contaminated surface area greater than 790.000 {t2, the contamination levet must be

correspondingly lower than 10.000 dpm/100 cm®. Similarly, for facilities with a contamination level
higher than 10,000 dpm/100 cm, the surface area must be lower. Because of the iimited assay
range evaluated. the criticality evaluation is only appticable to facilities having contamination at

assays not exceeding 5% °U.

For areas not rcquiring criticality consideration. the 7.000.000 ft? vaiue may be used for
evaiuation of the surface contamination for both on-site and off-site effects. For areas greater
than 7.000.000 ft. the allowabie surface contamination must be proportionaily smailer to meet
the criteria of this approach. The situation for areas smaller than 7.000.000 ft* is that the
allowable surface contamination ieveis may be proportionally larger than 10,000 dpm/100cm® with
one notable exception. Off-site concerns do not reflect the effects of the initial conceatration
of the source prior to dispersion. It is possible that the larger surface concentrations allowable
for smailer areas may resuit in potential hazard to employees. Thus. an evaiuation of the
potential for the contamination. when dispersed over the building volume. to exceed the threshoid
values for reversible health cffects. cither chemical or radiological must be made. This same
consideration appiies to persons outside of the facility but within 100 m.

It is important to note that this conclusion is valid only for "nonwork" surfaces. Radioactive
materiais and contaminated process equipment must be evaluated separately.

This is intended as a screening technique to ailow ideatification of facilities which do not need
additional anaiysis for contamination. A “second-pass’ analysis may be used to refine such
calculations if this conservative technique screens the facility in. but such a conciusion does not

appear warranted.
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Exampie 1:
Contamination area - 20.000 dpm o100 cm-
k)
b0

Height = 20°

80

4 = (20000 dpmi100 cm7) (45 g x 30 fr) (929 EL"—} - 1.0 x 10™ Ci

(222 x 10'? dpmiCi)

3 s
c A . (Lx 107 CDE53 UMY _ 4y y jot Ci) 4410 (i‘-)
Vv (50 fr x 80 fr x 20 fo) m’ mi

u Ci\

= 2 x 1071 (
mi

CS‘ID.I 1

The concentration in 5480.11 is based on a 2000 hr work year. The equivaient exposure ailowed is:

2000)

. )

The longest evacuation route is a diagonai across the length of the building.

Cotlowss = 2 % 10‘"(

Thus.

_ (/(80)* + (50) (0.305 mifY) _ ;6083 hr
¢ (15 mfsec)(3600 secfhr)

and

Ci
Copons = 7.5 5 107 L‘—-}
(”“,
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K-25 SITE CONSEQUENCE DETERMINATION FOR
A RELEASE OF REMOVABLE SURFACE CONTAMINATION

Introduction and Objectives

Al

Statement of Problem

Surface contamination above the screening levels in CSET-2 is a common hazard at
the K-25 Site. This is not considered a Standard Industrial Hazard and must go
through a format Hazard Screening Analysis. However. contaminated surfaces are
identified. characterized. and controiled by the K-25 Site procedures and maintained
at ALARA leveis such that the consequences from potential exposures trom "non-
work" surtaces are expected to pose no appreciable health consequences. “Non-work"

surfaces are dctined as:

Floors. walls. ceiiings, walkways, cxternai surfaces of
process enclosures (ceil housings, hot cells. glove boxes.
ete.), handrails. windows, clectrical wuilities, HVAC
components, and plumbing [wures. Also, for the
purpose of this evaluation, "non-work" surfaces include
furniwure surfaces such as chairs, desks. tables, stools.
countertops,  lockers, benches. cabinets. vending
machines. und apptiances. (Reference 3)

A conscrvative evaluation of contaminated “non-work” surtaces tor Hazard Screening
is provided. Fucilitics dctermined to require further analysis may well be determined

to pose no significant hazard once a specific analysis is completed.

There are three concerns associated with removable surface contamination: (1) tl}:
atmospheric refease of radiation which might affect persons off-site. (2) the potentiai

for a nuciear criticality as the resuit of the collection ot removable surface
contamination washed from surfaces and deposited into a singie location. and (3) the
potential effects to persons on-site. Only the potential effects to persons on-site wiil

be evaluated in this calculation.

Background

As a resuit of processes involving radioactive materials. surtacc contamination is
present in many arcas ot the K-25 Site. Radiation protection tor workers is regulated
by DOE Order 5480.11 (Reference 2) and ORO Radioactive Contamination Control
Policy (Reference 3). Energy Systems Standard Practice Procedures 804 and 808
(References 4 and 5) and the K-25 Site Interim Health Physics Guide INT-0010
(Reference v) dctine survey. control and reporting criteria which implement the
requirements of the DOE Order and ORQO Policy. Energy Systcms Standard Practice
Procedure ot)9 (Reterence 7) impiements an ALARA program which cnsures thag
contamination lcvels are minimized with respect to the pmcmiul exposure ot

occupational workers.

Contamination may be fixed or removable. Fixed contamination is impregnated within

C-2
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the matenai and cannot be removed by ordinary means. such as wiping or washing.
Thus. 1t is not considered a significant hazard to the public or generat empioyee.
Exposure ot occupationai workers to tixed contamination. when controiied to industry
stanaards. is weil within the leveis of a Negtigible Hazard (Reference 3).

Removabie contamination represents a more significant exposure (o occupationai
workers since it may become airborne by mechanicai impact or air currents. [n order
to maintain cxposure ALARA. cvery effort is made to minimize removabie
contamunauon. However. because of the potenuai for an airborne refease due to a
catastrophic event (e.g., lire. tornado. cxpiosion) or 3 criticality incident. removabie
"non-work" surface contamination shail be evaiuated for a worst case scenzrio. '

[L Basis for Design

A Design input and Source

Information regarding the leveis of removable surtace contamnation was obtained
trom rccent surveys compieted by Health Physics.
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Radiation_Protection for Occupationai Workers, DOE Ocder 5480.11, U.S.
Department ot Energy, Washington. D. C.. 1989.

3 Radiation Contamination Controi Policy, ORO, 1989.

4. ination a iati i nd Standards, Martin
Marietta Energy Systems. [nc. Standard Practice Procedure 804. 1991.
s. Notitication and Reporti adi ical Oc nces, Martin Marietta

Energy Systems, Iac. Standard Practice Procedure 808, 1991.
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6. Basic Contamination Survev Techniques, Martin Marietta Energy Systems.
Inc. Interim Heaith Physics Department Guidance. 1990.

7. Maintaining Exposures to Hazardous Materiais and Radiation to Leveis that

are ALARA, Martin Marietta Energy Systems. [nc. Standard Practice
Proceaure 609, 1991.

8. Meeting minutes from CSETWG meeting of March 13. 1991.

Safetv of Nuciear Facilities, DOE Order 5480.5. U.S. Department of Energy,
Washington. D. C.. 1986.

10. A Reguiatory Anaivsis on Emergency Preparedness tor Fuel Cvcle and Other

Radioactive Mateniai Licenses, NUREG-1140. 1990.




Date: March 1992
Revisioa No.: 0
HS/K-1037/PK/A4S.ORO

Internai Dose-Rate Conversion Factors for Calcuiation of Dose 1o the Public,

11.

DOE/EH-0071. U.S. Deparument ot Energy, Washington. D.C.. July 1988.

12. R. A Just and V. S. Emier. Generic Report on Heaith Effects for the U.S.
Gaseous Diffusion Plants, K/D 5050, Section VIIL Part {. Martin Marietta
Energy Systems. Inc.. Oak Ridge, Tennessee. 1984.

13. Microsott EXCEL, Version 2.1. Microsott Corporation. Redmond.
Washington, 1989.

Assumptions

1. The removabie surtace contamination is uniformly distributed over the
contaminated area of the facility.

2. The contaminated arca of the facility is assumed to consist of floors. ceiiing
and wails. Since 2 building wiil not have the same contamination levei on ail
these surtaces. this is adequate.

3. The material of interest is uranium which consists of 5% *°U. 0.05% 34U and
94.95% “U.

4. The ceiling height of the facility is 10 ft.

S. To esumate the etfccts within a [acility it is assumed that all of the removable
surface contamination in the facility is instantanecusly made airborne and
spread uniformiy throughout the volume of the facility.

6. The individual inside the facility is assumed to be cxposed to the
concentration without any respiratory protection for the time it takes to waik
out of the facility at a waiking speed of 1 m/s.

7. The ciosest individuals outside the facility are assumed to be on-site within a
distance of 100 m.

3. The individual outside the facility is assumed to remain stationary as the cloud
passcs at the rate of 1 mys, representing F class stability, but with no mixing
or dilution in this range.

9. The rcgion within 100 m of the facility is assumed 10 have the same
concentration as that determined within the facility.

10.  The breathing rate is assumed to be 3.33 x 10 m’s.

Methods 1o be Used

Dispersion Analysis

The methods of Hazard Screening Application Guide CSET-2. Appendix E.

"Consequence Calculation Methodology" wiil be used to determine the
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concentration-time integrais and the radiation dose for a refease of removable

surface contamination trom a taciiity.

The expression for the amount ot sirbornc matenai for an instantaneous

reiease s

Q=M (1)

where

Q is the amount of materiai which becomes airborne. g,

f is the reiease fraction. and
M is the materiai availabie for retease. g.

The concentration-time integrai for an instantaneous reiease for the clase-in
estimate is given ov :

[ =Q /W (2)

where

[ is the conceatration-time integral. mg s/m’.
V is the mixing volume. m°.
ty is the exposure time,

The concentration-time integrais for the large distance cstimate for the

instantancous rcicase is given by

I=Q(1ruA,AJ‘ 3)

where

u is the wind speed. mvs, and _
A, and A, are the cross-wind horizontal and verticai dispersion

coefficients, respectively, m.

n coetficients in the above expressions are derived
{rom continuous point source vaiues recommended by Briggs tor ievei ground
and open-country conditions (Hanna et al. 1982. Tuble 4.5. p 30). The vaiues
are a tunction of the downwind distance and the atmospheric stability class.
There arc six stability classes ranging from A (unstabie) to F (very stable).
For ground levei rcieases the F stability will always yieid the highest maximum
concentrations and concentration-time integrais. and these vatues wiil decrease
with increasing distance from the reiease. Examination ot suggested vatues
for instantancous reieases (Slade. 1968. pp 173-175) indicates that 2 rough
approximation tor the instantancous verticai dispersion coetficicnt is to set 1t
cqual to the corresponding continuous value. [t also impties that the

instantaneous vaiues tor the cross-wind. horizontat coetficients are about equal
to haif the horizontai continuous vaiue. The expressions tor the continuous

The vaiues tor the dispersio
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dispersion vaiues tor F stability are

(4)
&)

A, = (0.04 x)(1.0 + 0.0001 x) '
A, = (0.016 x)(1.0 + 0.0003 x)"

where x is the downwind distance in meters.

For radionuciides rcicased to the air. inhalation is the principai pathway for
entering the body. An expression for calculating the internai radiation dose

due to inhalation is

D, = B D, I (6)

where
D, is the 50-vear committed cifective dose equivalent (C.ED.E.).

rem.
B is the inhalation rate. m’ss. and
D, is the radiation dose conversion tactor. rem/uCi.

IIL Analysis and/or Culculations

Al

Analvsis

The potcntiai ciicets to persons on-site are evaluated. “In actuality the chemical
toxicity ot uranium is such that chemicai toxicity is the controlling tactor in setting the
exposure limits to airborne uranium. Thus. the evaluations for the etfects of airborne
uranium presented will consider limits resuiting from the chemical toxicity as the

bounding condition.

While heaith etfects due to radiation are generaily characterized as a function of the
dose rcceived per mass unit, expressed in rems, the typical measure of contamination
available {rom heaith physics surveys is given in disintegrations per minute (dpm) per
100 cm® of surtace area. Thus. the calculations are presented in terms of the

contamination measurcs.

Occupational worker cxposure to radiation is considered to be adequately controtled
by the appiication of guidelines required by DOE Order 5480.11. This cvaluation wiil
consider the potential cffects ot airborne dispersion of widespread. but relativety low-
level. surtace contamination within a {acility and the etfects of reieases rcsuiting from

~ events causing airborne dispersion of contamination to locations inside and outside

of the facility.

To assess the ettects within a tacility it is assumed that all of the removable surface
contamination in a facility is instantancously made airborne and spread uniformiy

throughout the volume of the buiiding. Both radiologicai and chemical toxicity effects

will be considered. but chemical toxicity wiil be limiting as fong as uranium is the only
contaminant material ot concern.
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he faciiity the exposure is caiculated for a cioud of

For on-site exposure outside of ¢
g trom the source in the

the rcmovabie contaminant generated as a putf dispersin
cvent of a catastrophic tailure such as a buiiding coilapse. If a significant portion of

‘he fixed contamination is in combustible materiais then the potenuai exists for a
reiease of the fixed plus removabie contamination in the event ot a fire. The natute
of a fire tends to cause most of the combustion products and the contaminants to rise
with the smoke plume and then be distributed as an eievated reiease. Thus. the case
for the drifting cloud will be the bounding resuit for facilities with persons within the

100 m range ot consideration.

For the evaiuation of close-in receptors outside of the facility the area within 100 m
of the facility is considered to have the same concentration as that determined within
the tacility. The potenual eftects on persons located within that range are considered
to be bounded by the dose received by an individual who remains stationary as the
cloud passes at the rate ot | mus. represenung F class stability. but assuming no mixing
or dilution 1n this range. For the purpose of determining the exposure ume the cioud
shail be assumed to travet in the same shape as the onginai buiiding 1n a direction
perpendicular to the building tace having the smailer cross section.

The ctfeets o otf-sitc individuals are addressed in Appendix B ot the Hazard
Screeming Document. Evaluauon of Surface Contamination_at_the K-25 Si
(Reference {) and wiil not be analyzed here. However. an exampie ot the dependecy
of the quanity of material rcleased on the contaminated area and on the
contamnation level is given in Section {I1.B.3 for iilustrative purposcs.

Calcutations

I. . Dispersion Analysis - Receptor Inside the Facility

To assess the effects within a facility it is assumed that ail of the removabie
surface contamination in a facility is instantaneousiy made airbome and spresd ..
uniformiy throughout the volume of the building. When the contaminant
levet is given in units of dpav100 cm®, the amount of matenai avaiiable for
refease can be expressed by

M

(8)

Aﬂ=2AF+“\W

where L is the contaminant lcvel. dpm/100 cm-=,
Ag is the total contaminated surtace area (e-g.

building), m".
Ag is the surface area of the floor and/or ceiling. m~. and

Ay is the surrace area ot the watls.

the surrace arca of the

It can be shown that it the height of the walls is < 0.25 the length ot the
shortest side of the building. then the surtace area of the building 1s:

Ag £ 3 Ag 9)
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Theretore. for a release traction ot 1.0 and a buiiding sized as described above
the quantity rcieased can be expressed as:

Q=3LAg (10)

The voiume into which the materiai is instantaneousiy made airborne and
spread uniformiy is

V = Aph (11)
where h is the ceiling height, m. |
Substituting into equation (2) the concentration-time integral becomes

[ = 3L Ar ty/(Ag h)

(12)

[ = z L LMllh

As can be seen by Equation (12), the concentration-time integrai is not a
function ot arca, but is a function of contaminant level. cxposure time and
cciling height. [t should be noted that for cciling heights greater than 025
the length of the shortest side ot the building Equation (12) is not valid, and
the actual building arca will have to be used. For a constant cciling height
(assumpuon 3) and a specific contaminant level the conccntration-time
integral is just a function ot cxposure time. For the individual inside the
facility the exposure time is the time it takes 10 waik out of the building. This
may be found by dividing the distance of the shortest route to the nearest exit
by the walking speed. The dose is determined by Equation (6).

Dispersion Analysis - Close-in Receptor Outside the Facility

For the evaluation of close-in receptors outside of the facility the area within
100 m of the facility is considered to have the same concentration as.that
determined within the facility. The potential effects on persons located within
that range are considered to be bounded by the dose received by an individual
who remains stationary as the cloud passes at the rate of 1 m/s. representing
F class stability, but assuming no mixing or dilution in this range. For the
purpose ot determining the exposurc time the cloud shall be assumed to travel
in the same shape as the original building in a direction perpendicuiar to the

buiiding tace having the smaller cross section.

Since the volume to which the close-in receptor outside of the facility is
cxposed is the same as that to which the receptor inside of the facility is
exposed. the equations rcmain the same. However. the manner in which the
cxposure time is determined is different. For the close-receptor outside of the
facility the exposure time is found by dividing the longest dimension of the

building by the wind speed.

Dispersion Anaiysis - Distant Receptor Outside the Facility
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To determine the potentiai etfects o the distant receptor (ie.. an individuai
located outside ot the facility at a distance ot greater than 100 m) the

Gaussian dispersion model mav be used {Equauons (3), (4), and (5)]. The
amount of mateniai reicased is determined by Equauon 10).

Thus. the amount of materiai reieased is dependent on the contamination
levei and the surtace area. The amount of material reicased from a facility
with a low contamination ievei and a large surtace area could be the same as
that rcicasea from a tacility with a high contamination lcvet and a smail

surtace area. Fur cxampie:

Q = (10,000 dpm/100 cm*)(10* cm*m?)(30.000 m*) = 3 x 10'° dpm

Q = {100.000 dpmy100 cmy( 10* cmm*)(3,000 m*) = 3 x 10'* dpm

T.bles eeneratea using EXCEL [or both the inside recentor and the ciose-in
sutside FeCCpLor are preseated on tne pages tollowing this caiculation. The
lirst pare of the tables gives perunent data tor the necessary calcuiations. the
second page ot the tubles SNOWS MAXNTUM CXPOSUCC tiMEs tor the various
contaminauon levels tor negligibie radiological and toxic ncalth ctfects. the
lloor area which would yieid ncgiigible heaith ctfects lor the various
contamination levels. The third and fourth pages of the tables show the
concentration-time integral and the radiation dose for various cxposure times
and various contamination levels for a facility which has removable surface

coatamnaton.

The resuits given in the table show that {or both the individual inside and outside the
from 5.6 s for a

facility, the maximum exposure time for a dose- <10 rem varies
contamination fevei of 1.000.000 dpmv100 cm” to 5.600 s for a contamination jevet of

1,000 dpms100 cm*.

Just and Emicr (1984) report air conceatrations of soluble uranium. as tunctions of
exposure time. that resuit in heaith etfects due to chemical toxicity. These vaiues may
be conscrvatively appiicd to insoluble uranium. For exposures less than thirty minutes
no heaith ctfects occur at concentration-time integrais less than 39¢ s/m°, possible
mild (reversibic) heaith ctfects occur at concentration-time integrals between 39¢
s/m® and 75 ¢ s/m3. and rcnal injury occurs at concentration-time integrais greater
than 75 ¢ sym°. The concentration-time tntegrats vary simiiacly to the radiauon ctfects
with a maximum exposure time of 10's for a contamination jevet of 1.000.000 dpm/100
em® to 1.68 x 10° s for a contamination fevel of 1.000 dpmv100 cm~.

The technique tor using this calculation can be accompiished in two ways. Table 2
of the EXCEL pages can be used to determune it the faciity under consideration is
within thc boundarics sct by this calculation. For cxampie for a (acility with a
contamnaton evei ot 10.000 dpmr100 cm- it the individual inside the facility can exit
within 313 s. the bounding toxic effects wouid be negiigible. For the person outside
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the facility toxic ettects would be negligible if the puilding is < 313 m(313sx L.Om/s

= 313 m).

Using Table 3 of the EXCEL pages. it the receptor inside the facility can exit within
90 s. and the contamination levei is 10,000 dpm/100 cm-, the concentration-time
integrai is 11.2 ¢ s/m>. This is below the 39 g s/m® considered to be the jower bound
for the region ot negligibie heaith etfects. Alternatively, for the receptor outside the
facilitv, the concentration-time integrai is 49.9 g s/m’ for a contamination jevel of
10,000 dpmy 100 cm” and a building length of 400 m (400 s x 1.0 m/s = 400 m). Since
this is grcater than 39 g s/m® but less than 75 g s/m° the heaith effects would be

reversible.
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[{eaith E{fects trom Release ot Removaoie Surtace Contammation

On-site msiae the tactiity ang within 100 m outsidge the 1acitity

l

Table . Assumpuoas and Dats

Exampies ot remaovaote surtace contamination tor use in the caicutauons.

1000 Jpmwi00 sa cm 4.50e-08 Cisqm

10000 dpms100 sq ecm -

4.50e-07 Cisam
4.50e06 Cilsgm

1000000 Jpm7100 sa ecm 4.50e-05 ' Cifsam

100000 Jpariv0 sa cm

Approximate Cciting Heient  [U [t 108 m
Sa per {nternat l b4 per
isotope Eanctiment Speettic % ’ Dme Conv
(7%) Activiy Carnicment Cnucluneat

1 Cilg) (Ci'g) { rcw(.n | (remrCi)
U.234 u.05% 0.25¢-03 ' 3.13e-06 ‘ 1.30e+ui ' 6.50e+04
U.235 5.00% 2.16e-06 ‘ 1.08e-07 ' 1.20e+08 ‘ 6.008+06
U.238 94.95% 3.37¢-07 3.20e07 1.20c+us ‘ l.14e¢08
Totai 100.00% 185e-06 . 1.20a+08
Concemrauoa-uma integrat. [ = QtmvV. Q s LAbD V = A(R Ab = 3 AL h
la (actmity) = (X dpmv100 sq cm) tmvh Dose = 8 DL 12

{m (mass) = {1/53

l

The exposure ime tor 3 10 rem dose assuming (U0% contamination is
tm= OshA3BDIL) . ‘

| l

i The exoosure nme tor im = 39 ¢ ssccu m. 75 ¢ s/cu m. ana 2100 ¢

;
I s/cu w1, assumung 1007 contamination 1s

| r | | | i

:( ' tm = im Sa W3 L) ,
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Table Z Insiie rcooptor and reccptor outswie within 100 m
Contaminauon Leveli/100 sg cm 1E+03 dpom 1E+04 dpm 1E+05 dpm 1E+06 dpm
Radiological Effects )
Exp ume for 10 rem dose. s 5644 S64 56 [
Toxic E{fccts
Exp ume tor im = 39 g s/cu m. 3 3128 3 31 k)
Exp time for im = 75 g s/cu m. 3 6010 601 60 : 6
Exp ume for im = 2100 g s/cu m. 3 1.68e+05 .G8e+04 1683 168
S
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Table 3. CuncCOIFAtion (IMC-0ICETlS 10 (CTTS Of 3AMIY and OLI3 204 Jose f
| | | | | | l
| Exp 1.000 doms1u0 3q cm ' l 10,000 dpms200 sg cm
Time
is) i la ’ im ‘ Ds ’ la im Ds
(Ci s/cu m) (g sscu my frems (Ci s/eu m) (g s/cu my {rem)
t i43e08 | 125c02 | 17703 | | 143e07 [.25e.01 1.77e02
: 18708 | :.50e02 | 3.54e03 | | 387e07 2.50e-01 154602
3 13307 |  374e02 | 53203 | 1.33¢-06 174001 532002
i LT7e07 | s9%e02 | 709¢03 | 1.77¢-06 199¢.01 7.09e02
] - 222407 | 6.24e-02 | 2.86e03 222206 6.24e-01 ‘ 8.860402
2 2.66e07 | T 19e02 | 1.06e-02 2.66e06 ~ 49e-01 ' 1.06e-01
- 110e07 | <73¢02 | 125c02 | | 310006 5.73c01 | .24e01
s 3 5507 | dusen2 | L 32002 | | 155006 | oRet | 1.42¢01
] . 199e07 | V120t | 15902 | I 509e.06 | Cizeron | 1.59e01
19 142607 | 23%em | 33702 | | seze06 | 23%ew | 3.37e01
0 87e07 | Lsveor | 354e02 | | 387e06 250e+00 | 1.54e01
0 | (3306 | 3Tsean | $12e02 | | 33605 s 7acem | 53201
w0 | L77e06 | i99e0t | 709e02 | | 1.77¢-05 199es00 | 7.09¢-01
90 | 222606 | w2semn | 4.86e02 | | 22205 o.23er00 | 3.860-01
40 266006 | Tiveor | 1.06e01 266805 7.19e+00 1.06e+00
- 70 . 1.10006 87301 | - 1.2¢e01 3.10005 8.73e+00 1248400
30 1.55¢06 9.98e-01 142001 3155008 9.98¢400 1420400
) 1.99¢06 1 126400 1.59e-0 1.99¢-05 [.12e+01 1.59e+00
100 4.43¢-06 1.288+00 1.77¢-01 4.43e405 1.25¢+01 1.77¢4+00
200 3.87¢06 2.50e+00 3.54e-01 8.87¢05 2.50e+01 3340400
, o0 L3305 | 3Tdewwo $.32¢.01 [ 13304 5.74eem 5.32¢+00
. g ‘ 1.77¢-05 ‘ $ 99e+n | 7.09e-01 I l l 77e-04 ‘ 1 9%e+ul 7 09%e+00
j ‘00 | 222005 | v 2ieeon | 386e-01 | | i:%0s | e2dcewm 3.86¢+00
‘ o | 2.66e405 ‘ - socem | i 06eronr | | 2.6Ge-ud ‘ T 49e+ul l 1.06e+01
i -0 | 310ews | s7ievww | 124400 | | sioeos | a73eenn ' 1.24e+01
f <00 ‘ 3.55¢-08 ‘ 9 98e+ Ui ’ 1.42¢+00 ' | 31.55e-04 l 9.98e+01 ‘ 1.42e+01
a0 | 19905 | 112cs0r | [ SOet00 | | 99e04 | L12e+02 | 1.59%e+01 |
w00 ‘ 4 43e-Us ‘ L2 3e+ut l {.77er00 l ' 34304 ' 1.25c+02 ‘ 1.77e+01 l
| o0 | nose0s | tsTeror | s cevon | | oeseos | 1stew02 | rs6ewol |
L s | c98e0s | 1seeor | 519¢+00 | | coseos |  225evuz | 1.19e+01
2000 ‘ 4.87e-05 ' 2.50e+01 l 3.54e+00 ‘ | 3.87e-04 J 2.50e+02 ‘ 3.54e+01
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‘Table 3. (cont:y) CoNCCIUALIOn WMC-DICETals in terms of acuvity and mass and dose
| I
[xp 100,000 domst00Q sq cm 1,000,000 dpmsi00 sa cm
Time
() la ’ Im Ds {a [m Ds
(Ci s/cu m) (g sicu my (rem) (Ci s/cu m) (g s/cu m (rem)
1 4.43e-U6 1.25e+00 1.77e-01 +.43e-05 1.25¢+01 1.77e+00
2 8.87¢-06 2.50e+00 3.54e-01 8.87e-05 2.50e+01 3.54e+00
3 1.33¢-05 3.74e+00 $.32¢01 1.33e-04 3.74e+01 5.32e+00
3 17705 | sv9e+00 7.09e-01 |.77e-04 1.99e+01 7.09¢+00
s 2.226-05 ‘ 0.24c+00 3.86e-01 2.22¢-04 0.24¢+01 8.86e+00
o 266605 i 7 19e+00 1.0Ge+00 l 2.66¢-04 T 19e+01 1.06e+01
7 110e05 | 8.73¢+00 121c+00 | 11004 $.73e+01 1.24e+01
3 355¢05 | v.98e+u0 1.42e+00 3.55¢.04 9.98e+01 1.42e+01
y 39905 L12e+01 1.59e+00 - 1.99¢-04 L12e+02 1.59e+01
19 3.42¢-05 2.37e+01 3.37c+00 8.42¢-04 2.37c+02 3.37e+01
) 3.87¢-05 2.50e+01 | 3.54e+00 8.87¢-04 2.50e+02 3.54e+01
30 (.33e-04 3.7de+ul 5.32e+00 1.33e-03 3.74e+02 5.32e+01
0 1.77e-04 1.99e+01 7.09e+00 1.77e-03 1.99e+02 7.09e+01
50 2.22c-04 6.2de+01 8.86e+00 2.22¢-03 6.24e+62 8.86e+01
60 2.66e-04 7.49¢+01 1.06e+01 2.66e-03 7.49¢+02 1.068+02
70 3.10e04 8.73e+01 1.24e+01 3.10e-03 8.73e+02 124402
30 3.55¢-04 9.98e+01 1.42e+01 3.55¢-03 9.98e+02 1428402
90 3.99¢-04 1.12e+02 1.59e+0>l 3.99¢-03 1.12e+03 1.59e+02
100 4.43e-04 1.28e+02 1.77e+01 4.43¢-03 1.25e+03 1.77e+02
200 8.87e-04 2.50e+02 3.54e+01 8.87¢-03 2.50e+03 31.54e+02
100 1.33e-03 3.7de+02 5.32¢+01 1.33¢-02 3.74e+u3 5.32e+02
400 1.77e-03 199c+02 7.09e+01 1.77¢-02 1.99e+03 7.09e+02
<00 22203 0.24¢+02 3.86e+01 2.22:.02 0.23c+03 3.86e+02
600 2.66e43 7.49e+02 1.06e+02 2.66e-02 7.49e+0U3 1.06?+03
<00 3.10e-03 8.73¢+02 1.24e+02 3.10e-02 8.73e+03 1.23e+03
300 3.55¢-03 9.98e+02 1.42e+02 3.55¢-02 9.98e+03 1.42e+03
200 3.99¢-03 1.12e+03 1.59e+02 3.99¢.02 1.12e+04 1.59e+03
1000 4.43e-03 1.25e+03 1.77¢+02 1.43e-02 1.2Sc+04 1.77e+03
1500 6.65¢-03 1.87c+03 2.66¢+02 6.65e-02 1.87e+04 66e+03
1300 7.98¢-03 2.25e+03 3.19e+02 7.98e.02 2.25e+04 3.19e+03
2000 3.87¢-03 2.50e+03 3.54e+02 3.87¢-02 2.50e+04 3.54e+03
o
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APPENDIX D

CONSEQUENCE DETERMINATION FOR A RELEASE OF NICKEL POWDER
BUILDING K-1037

PHASE I HAZARD SCREENING

INTRODUCTION AND OBJECTIVES

The Department of Energy (DOE) Order 5481.1B requires that a safety review be performed and
safety documentation be prepared for ail DOE activities where DOE has assumed responsibility
for safety. It has been recognized that existing safety documentation at the Martin Marietta
Energy Systems (Energy Systems) facility does not meet current DOE guidance implementing
5481.1B. To address this concern Energy Systems has developed a formal program. in accordance
with DOE/OR-901. for the systematic review and update of the existing Safetv Analysis Report
(SAR) at the K-25 Site. The SAR Update Program (SARUP) consists of the following four

phases:

e Phase 0 - Continued Operation Evaluations
e Phasel - Hazard Classification and Qualitative Analysis
e- Phase II - Quantitative Accident Analysis

e Phase III - Compiete DOE-Approved SARs

As part of the Phase I effort Energy Systems has performed a hazard screening and qualitative
analysis for selected facilities. This task is performed utilizing input from the Facility Safety
Evaluation Teams (FSET) in the form of the Preliminary Hazard Screening (PHS) Sheets. The
facilities that could potentially pose significant safety hazards are qualitatively and/or quantitatively
analyzed to determine the extent and severity of the hazards.

This calculation will evaluate the consequences associated with the nickel powder hazard in -
Building K-1037. Nickel is considered a carcinogen by the Occupational Safety and Health
Administration (OSHA) as well as being toxic. The K-1037 Facility was used to produce barrier
in muitiple parallel production lines for installation in the three gaseous diffusion enrichment
piants. The equipment. chemicals and process descriptions are not discussed in the document due
to security classification. but can be found in reference 1. K-1037 is located in the eastern part
of the K-25 Site between the TSCA incinerator (K-1435) and the steam plant (K-1501). Site
Facility Operations and AVLIS Division are responsible for this facility.

The main barrier production area of K-1037 was approximately 60 percent of the building
(=185,000 ft?). Barrier production invoived the continuous handling of tonnage quantities of
nickel powder. This fine powder was widely dispersed throughout the production area. The
production equipment was shut down and placed in standby upon compietion of the Process and
Equipment Modification program in 1981. Most of the barrier production equipment remains
as it was during operation. Sections of the building which could be cleaned of the powder,
isolated by sealed partitions and isolated from the central HVAC system are now occupied by

personnei.
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[L BASIS FOR DESIGN

A. Design Input and Source

Information regarding the operation of the facility and the nickel was obtained from the PHS
document and facility records.

B. References
1. CIP CUP Technoiogy, Pt 1 addendum 1, K/GD-500, Confidentiai.

2. Safety Anaivsis and Review Svstem, DOE Order 5481.18. U.S. Department of Energy,
Washington, D. C., 1986. '

3. Contractor Industrial Hvgiene Program, DOE Order 5480.10. U. S. Depantmeant of
Energy, Washington. D. C.. 1985.

4. Hazard Screening Appiication Guide, CSET-2. 1990. »
s. S.R. Hanna. G.A Briggs, and R.P. Hosker. Jr., Handbook on Atmospheric Diffusion,

DOE/TIC-11223. U.S. Depantment of Energy, Office of Energy Research. Washington,
D.C.. 1982

6. Slade. D.H.. Meteoroiory and Atomic Energy, TID-24190, U.S. Atomic Energy
Commission. Office ot Information Services. Washington. D.C. 1968.

7. Heaith Effects Assessment Summary Table, OERR 9200.6-303 (91-1) U. S.
_ Environmental Protection Agency, Washington, D. C., January 1991.

8. U. S. Depanment of Heaith and Humsn-

Segvices. June 1990.
9. Intemnai Correspondence from J. S. Rayside, May 28, 1991.

10. Consequence Determination for a Release of Removable Surface Contamination Ph

- | Hazard Screening, M-JT285-01-SSE-003, 1992.
11. Microsoft EXCEL, Version 2.1. Microsoft Corporation, Redmond. Washington. 1989.

C. Assumptions

1. It is assumed that there is approximately 300 Ib of nickel uniformiy dispersed throughout
the surface area of the buiiding.

5. The ceiling height of the facility is 10 ft. Any facility or part of a facility with a ceiling
height of more than 0 ft is Bounded by this assumption.

3. To estimate the effects within a facility it is assumed that all of the nickel powder in the

facility is instantaneously made airborne and spread uniformiy throughout the voiume of
the facility.
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The individual inside the facility is assumed to be exposed to the concentration without
any respiratory protection for the time it takes to waik out of the facility at a waiking

speed of 1 m/s.

The closest individuals outside the facility are assumed to be on-site within a distance of
100 m. -

The individual outside the facility is assumed to remain stationary as the cloud passes at
the rate of 1 mys, representing F class stability, but with no mixing or dilution in this

range.

The region within 100 m of the facility is assumed to have the same concentration as that
determined within the facility.

The off-site individual is assumed to be located on Blair Road about 275 m from Bldg.
K-1037. :

The breathing rate during the accident for the exposed individual is assumed to be that
of moderate exertion (3.33 x 10 m¥/s).

D. Methods to be Used

1.

Dispersion Analysis

The methods of Hazard Screening Application Guide CSET-2. Appendix E,

"Consequence Calculation Methodology” will be used to determine the concentration-time
integrals and the time-averaged weighted average concentrations for a release of nickel

powder from the facility.

The expression for the amount of airborne material for an instantaneous release is-.
Q=M (1)

where Q is the amount of material which becomes airborne, g,
f is the release fraction, and
M is the materiai available for release, g.

The concentration-time integral and the time-weighted average concentration for an
instantaneous release for the close-in estimate are given by

I=QtyV 2
C=1In,ifty sty
= Mty if ty > ta ' 3)

where [ is the concentration-time integral, mg s/m’,’
V is the mixing volume, m?,
ty is the exposure time,
C is the time-weighted average concentration, and
t, is the averaging time. s.
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The concentration-time integrai and the time-weighted average concentration for the

large distance estimate for the instantaneous reiease are given by
4)
3

[=()(1tl.l.‘k,.‘5;z)'l
C=in,

where u is the wind speed. mvs. and
A, and A, are the cross-wind horizontal and verticai dispe

respecuvety, m.

The vaiues for the dispersion coefficients in the above expressions are derived from
continuous point source vaiues recommended by Briggs for ievel ground and open-countty
conditions (Hanna et al. 1982, Table 4.5, p 30). The vaiues are a function of the
downwind distance and the atmospheric stability class. There are six stabilitv ciasses
ranging from A (unstable) to F (very stabie). For ground levet reieases the F stability wiil
always yieid the highest maxamum concentrations and concentration-time integrais. and
these values wiil decrease with increasing distance from the reiease. Examination of
suggested vaiues for instantaneous reieases (Slade. 1968, pp 173-175) indicates that a
rough approximation for the instantaneous vertical dispersion coefficient is 10 set it equai
to the corresponding continuous vaiue. It also impiies that the instantaneous vaiues for
the cross-wind. horizontai coetficients are about equai to haif the horizontal continuous
vaiue. The expressions for the continuous dispersion vaiues for F stability are

)
Q)

A, = (0.04 x)(1.0 + 0.0001 x) 2
A, = (0.016 x)(1.0 + 0.0003 x)"!

* where x is the downwind distance in meters.

Carcinogenic Risk Anaiysis

Methodology adapted from the Environmental Protection Agency’s (EPA) OERR 9200.6-
303 (91-1), T: (HEAST), January 1991 (NTIS
No.PB91-921199) can be used to determine the increased cancer risk due to exposure to

a carcinogen. Quantitative carcinogenic risk assessments are caiculated through the use
of mathematicai extrapolation models to determine cancer siope factors. The following
section is quoted from HEAST.

Cancer stope factors (formeriy cailed cancer potency factors in the S uperfund Public Health
Evaiuation Manuai) are estimated through the use of mathematical extrapolation models,
mast commoniy the linearized muitistage model. for estimating the largest possible linear
slope (within the 95% confidence limit) at low extrapolated doses that is consistent with the
data. The siope factor is characterized as an upper-bound estimate. i.c.. the true risk to
humans. while not identifiable. is not likelv 10 exceed the upper bound estimate and. in fact.
may be lower. The quantitative carcinogenic estimates inctude the following:

slope factor = risk per unit dose = risk per mgrkg/day

route-specific unit risk for inhatation exposure = risk per concentration uni in air = risk
per pgimt’

D-5
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The unir risk estimates for inhalation can be calculated by dividing the appropriate slope
factor by the weight of an average person (70 kg or 154 lb) and by muitiplying by the
inhalation rate (20 m’/day) for risk associated with unit concentration in air. Hence,

risk per pgim’ (air) =
slope factor (risk per mgikgiday)(20 m’lday)(10”° mg/pg)/(70 kg)

To estimate the risk-specific concentration in air from the unit risk in air as presented in
Table B of HEAST, the specified level of risk is divided by the unit risk for air. Hence the
air concentration (in pg/m’) corresponding to an upper-bound increased lifetime cancer risk
of 1 x 107 is calculated as follows:

pgim? in air = 1 x 10*/unit risk in (ugim’)"!

This may aiso be expressed as:
Clitetime = RII 8.

where Cyune iS the concentration of the carcinogen in air, pgm’. .
R is the lifetime cancer risk, and
r is the unit risk, (pg/m®).

Equation (8) provides an estimate for an increased lifetime cancer risk from a continuous lifetime
exposure. To adapt this methodology for an increased lifetime cancer risk to the short term
accident exposure it is assumed that the heaith effects are dependent only on the dose received.
That is, the total quantity of the carcinogen inhaled during a lifetime is equal to the total quantity
of the carcinogen inhaled during a short term accident exposure for a specific risk.

This assumption can be expressed by:
D. = CL BL tL = CM ‘BM tM ) (9)
where D, is the dose (quantity of carcinogen inhaied), mg, '
C is the concentration of the carcinogen in air (i.e., the quantity released divided by some
mixing volume), mg/m?®, .
B is the breathing rate, m*fs, and
t is time, s.

The subscripts L and M refer to lifetime exposure and short term accident exposure, respectively.

From CSET-2 the quantity released divided by some mixing volume (concentration in air)
muitiplied by the exposure time is equivalent to the concentration-time integral, L Substituting
R/r for C, [Equation (8)] and I for Cy ty, in Equation (9), simplifying and solving for R yieids:

R = (I r By)/(B. ty) (10)

The increased cancer risk can now be determined. The average lifetime exposure time and the
lifetime breathing rate are given in HEAST as 70 years and 20 m’/day (2.31 x 10 m’ss),
respectively, and the breathing rate from CSET-2, generally used in hazard screening, is 1.2 m*h
(333 x 10* m*%s). The appropriate unit risk can be found in Table B of HEAST, and the
concentration-time integral in air for the accident scenario is caicuiated in the dispersion analysis.
The resuiting risk can then be compared »Bt’% the hazard screening approach for characterizing
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of 0.08 for the boundary between reversibie and

the effects of a carcinogen using a risk levet
irreversible heaith effects and a risk levet of 0.008 for the boundary between ncgiigibie and

reversible heaith effects (J. S. Rayside’s memo, May 28. 1991).

OL ANALYSIS AND/OR CALCULATIONS

A. Analysis
The potentiai effects to persons on-site and off-site arc evaiuated. Nickel is considered a

cam'nogenbyOSHAaswenasbcingto:ic.

To assess the effects within the facility it is assumed that all of the powdered nickel in the
facility is instantancousiy made airborne and spread uniformiy throughout the voiume of the
building. ‘

he exposure is caicuiated for a cioud of the

For on-site exposure outside of the facility t
from the source in the event of 2 catastrophic

powdered nickei generated as a putf dispersing
failure such as a building coilapse.

For the cvaiuation of close-in receptors outside of the facility the arca within 100 m of the

facilitv is considered to have the same concentration as that determined within the facility.
The potential effects on persons iocated within that range arc considered to be bounded by
the dose received by an individual who remains stationary as the cloud passes at the rate of
1 mis. representing F class stability, but assuming no mixing or dilution in this range. Forthe
purpose of determining the exposure time the cloud shail be assumed to travei in the same
shape as the originai buiiding in a direction perpendicular to the building face having the

smailer cross section.
B. Calcuiations

It has been estimated that there is 300 Ib (1.36 x 10 g) of powdered nickel in Building K-
1037. The building is approximatety 820 ft (250 m) long and 400 ft (122 m) wide. The ceiling
is assumed to be 10 ft (3.05 m). Thus, the buiiding volume is 929 x 10° n. The unit risk

e in Table B of HEAST is 2.4 x 10 m*/ug (0.24 mfmg), and the vaiue used for IDLH
is 500 mgym® (500 times TLV of | mg/m®). Since it is assumed that the powdered nickel in
the facility is instantaneousiy made airborne and spread uniformiy throughout the volume of

the buiiding, the reiease fraction is that of a simpie powder spiil, 0.001.

Tables generated using EXCEL for both the close-in receptor and the distant receptor are
presented on the following pages. The first table gives pertinent data for the necessary
calculations. The next two tables show the concentration-time integral. the time-weighted
average concentration and the cancer risk for the powdered nickel for varying distances. The

table for the close-in receptor inciudes varying exposure times which are dependent on the
ime for the receptor within 100

iding (250 m + | mfs =

distance from the receptor to the nearest exit. The exposure t
m of the building was assumed to be equai to the length of the bui

250 s).
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CONCLUSIONS AND/OR RECOMMENDATIONS

For the close-in estimate (i.e.. individuals located inside the facility and individuals located outside
the facility within 100 m) the greatest time-weighted average concentration (1.22 mg/m’) and
cancer risk (5.74 x 10°%) were found for an exposure time of 250 s. This is the maximum amount
of time that the individual outside the facility wouid be exposed, and much longer than the
individual inside the facility is likely to be exposed. The time-weighted average concentration is
well below one-tenth the IDLH value (50 times TLV of 1.0 mg/m®) and the cancer risk is well

below 0.008. Theretore, in accordance with CSET-2. the on-site heaith effects are found to be
negligible.

For the off-site individual the greatest effects occurred at 100 m from the facility. The time-
weighted average concentration of 14 mg s/m® is well below one-tenth the IDLH value (50 times
TLV of 1.0 mg/m®) and the cancer risk of 2.2 x 107 is well below 0.008. The seeming discrepancy
between the time-weighted average concentrations and cancer risks determined for the individuals
located at 100 m for the ciose-in estimate and the off-site estimate is due to air dispersion being
considered for off-site and not considered for close-in. In accordance with CSET-2, the heaith
effects for off-site exposure are considered negligible.
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